A multilevel approach was used to analyse relationships between perceived classroom environments and emotions in mathematics. Based on Pekrun's (2000) [A social-cognitive, control-value theory of achievement emotions. In J. Heckhausen (Ed.), Motivational psychology of human development (pp. 143 163)] social-cognitive, control-value theory of achievement emotions, we hypothesized that environmental characteristics conveying control and value to the students would be related to their experience of enjoyment, anxiety, anger, and boredom in mathematics. Multilevel modelling of data from 1623 students from 69 classes (grades 5 10) confirmed close relationships between environmental variables and emotional experiences that functioned predominantly at the individual level. Compositional effects further revealed that classes' aggregate environment perceptions as well as their compositions in terms of aggregate achievement and gender ratio were additionally linked to students' emotions in mathematics. Methodological and practical implications of the findings are discussed.
The classroom learning environment embodies more than merely physical space, indeed it consists of the entire learning setting, including instructional processes, teacherestudent relationships, studentestudent relationships and student attitudes (e.g., Brophy, 1999; Fraser & Walberg, 1991; Moos, 1979) . Learning environments can be conceptualised in terms of observable characteristics, such as school buildings, materials used for instruction, and externally observed interactions between and among learners and instructors. Alternatively, learning environments can be conceptualised as the teachers' or students' subjective perceptions of their learning setting. The latter approach has proved very fruitful, subjectively perceived environments having been associated with a range of important outcomes for students. Numerous studies have clearly demonstrated that the perceived learning environment is significantly related to student achievement (Fraser, 1994; McRobbie & Fraser, 1993; Moos, 1979) , as well as emotional and social outcomes (Anderman, 2002; Anderman, Eccles, Yoon, Roeser, Wigfield, & Blumenfeld, 2001; Fraser, 1994; Turner et al., 2002) .
The impact of perceived classroom environment on students' emotional experiences: empirical findings
Achievement has been the number-one variable considered as an outcome of perceived classroom environment. Numerous studies have clearly demonstrated that the perceived learning environment is significantly related to student achievement (Fraser, 1994; McRobbie & Fraser, 1993) . Comparatively little is known about affective correlates of perceived classroom environment. The few existing studies addressing emotions in relation to perceived classroom environments mostly concentrate on anxiety, with other emotions having received relatively sparse attention.
In a meta-analysis of the causes, correlates and effects of test anxiety, Hembree (1988) incorporated 10 studies analysing relationships between students' teacher perceptions and test anxiety. Hembree summarized that while individual student perceptions of the teacher as negative and unfriendly were moderately correlated to test anxiety (r ¼ 0.16), positive and friendly teacher perceptions showed no significant relationship to individual levels of test anxiety. Pekrun (1992) reported, from both cross-sectional and longitudinal analyses, that individual levels of test anxiety were positively related to individually perceived achievement-related pressure and punishment from teachers as well as to individual perceptions of competition among classmates across grade levels 5e10. Using the class as the unit of analysis and controlling for important class characteristics (e.g., school type, age, proportion of boys in the class), Helmke (1983) also reported positive correlations between anxiety on one hand and perceived punitive teacher behaviour, pressure for achievement and perceived competition among classmates on the other.
With regard to studies addressing achievement emotions beyond anxiety, it is worth mentioning studies by Jacob (1996) and Goetz, Pekrun, Hall, and Haag (2006) . Jacob (1996) investigated relationships between perceived classroom environment variables and middle-and high school students' test-related emotions including enjoyment, anxiety, anger, hopelessness and shame. Perceived teacher enthusiasm and supportive achievement-contingent feedback from the teacher (e.g., praise for success, support after failure) were positively related to individual levels of academic enjoyment (correlations between r ¼ 0.35 and r ¼ 0.39). In addition, perceived failure-contingent teacher punishment positively correlated with anger, hopelessness, shame, and anxiety (Pearson's r between 0.19 and 0.38). Finally, Jacob reported that perceived competition among classmates positively correlated with both anxiety and enjoyment. Goetz et al. (2006) examined student perceptions of their learning environment and emotions experienced within the subject of Latin. In their study, individually perceived positive reinforcement of achievement, teacher enthusiasm, and elaborative instruction in Latin were positively related to individual reports of enjoyment and pride, and negatively related to individual reports of anger and boredom. Achievement pressure from the teacher, however, proved to be positively related to student anxiety and anger, and negatively related to enjoyment and pride in Latin.
Furthermore, in a study on affective and cognitive outcomes of the perceptions of classroom environment variables, Fraser and Fisher (1982) found positive correlations between a class' mean perceptions of participation, involvement, affiliation, task orientation, order and organization, and rule clarity as measured with the ''Individualised Classroom Environment Questionnaire'' (ICEQ) and the ''Classroom Environment Scale'' (CES) on the one hand, and the students' average enjoyment of science lessons on the other. With the class as the unit of analysis and corresponding pre-test and general ability controlled for, they reported partial correlations between perceptions of these facets of science lessons and enjoyment ranging between 0.20 and 0.36.
In summary, these scattered empirical findings provide consistent support of a positive relationship between anxiety and perceived punishment from the teacher as well as competition among classmates. Perceived characteristics of teacher instructional strategies (e.g., quality of instruction and achievement-contingent feedback) as well as peer engagement would appear to be important positive correlates of academic enjoyment.
A control-value theoretical approach to the impact of perceived classroom environment on emotions
Our assumption that students' emotional experiences are related to their perceptions of the classroom environment is derived from the empirical data presented above and based on Pekrun's (1992 Pekrun's ( , 2000 social-cognitive, control-value theory of academic emotions. This theory postulates that a student's environment (including parents, teachers, and peers) influences his or her achievement-related appraisals of control and value, which in turn are posited to be antecedents of emotional experiences. Achievement-related control appraisals include judgments of competence, causal expectancies, and causal attributions for success and failure. Achievement-related value appraisals comprise perceptions of the importance of achievement-related actions, which we term action values (i.e., the value inherent to the respective activity, e.g., dealing with figures in mathematics). In addition, value appraisals include the subjective value of achievement outcomes, which we refer to as achievement outcome values (i.e., the perceived importance of attaining success and avoiding failure in mathematics). The theory holds that control appraisals are important for both activity-and outcome-related emotions. Action values are assumed to be significant for activity-related emotions, and outcome values for outcome-related emotions. Consequently, enjoyment, being both activity-related and outcome-related, should result from high control appraisals and high subjective activity-and outcome-values. Anxiety, as an outcome-related emotion, should result from low control appraisals, paired with high achievement outcome values. Outcome-related anger would be expected to result from low internal (and high external) control appraisals, along with high achievement outcome values. Boredom, as a purely action-related emotion, should result from a pattern of low control and low action values. Pekrun's (2000) social-cognitive, control-value theory further states that the following aspects of a student's environment may be particularly relevant to the formation of his or her control and value cognitions: (1) quality of instruction, (2) induction of values, (3) feedback and consequences of achievement, and (4) expectations and goal structures. In selecting aspects of the classroom environment to be included in the present study, importance was placed on covering all four of these areas. We sought to include a well-balanced mixture of positive and negative aspects of the classroom environment, and to include constructs relating to both the teacher and the class community. There was, however, a concurrent need for parsimony and a restricted set of predictors due to the susceptibility of regressions to multicollinearity. The deliberations presented above, paired with the scattered empirical findings from the literature on classroom environments and emotions, resulted in selection of the following four facets of the mathematics classroom environments in the present study: (1) perceived quality of instruction (including clarity and structure); (2) perceived peer esteem of mathematics (i.e., the degree to which classmates are perceived to like and appreciate the subject); (3) perceived failure-contingent teacher punishment; and (4) perceived competition among peers (indicating competitive goal structures in the classroom).
Applying control-value theoretical assumptions, we posited that perceived quality of instruction and peer esteem would be conducive to the formation of positive action values. Attending classes with high quality mathematics instruction and being surrounded by peers who display a liking for the subject should contribute to positive values of mathematics-related activities. Therefore, high perceived quality of instruction and peer esteem should enhance enjoyment and reduce boredom in mathematics. In addition, the student who considers instruction to be clear and structured ought, on account of feeling assisted in penetrating the learning material and thus more competent in the respective subject, to hold higher individual control appraisals. Perceived quality of instruction should therefore not only increase enjoyment and decrease boredom, but also help to reduce anxiety and anger in relation to the given subject.
Furthermore, achievement-contingent punishment on the part of the teacher should produce a high value of achievement outcomes (particularly high negative value of failure). Consequently, we expected that perceived punishment from the teacher would be positively related to anxiety and anger. Finally, competitive goal structures in the classroom imply negative contingencies of success probabilities among the students; that is to say, the success of some students entails the failure of others (Johnson & Johnson, 1974) . Therefore, a student who perceives the classroom goal as competitive will perceive the chance of being successful as limited. Consequently, perceived competition among peers should be related to high values of achievement outcomes (i.e., high positive value of success and high negative value of failure). This ought to enhance any outcome-related emotion, including positive emotions following success (e.g., enjoyment) and negative emotions following failure (e.g., anxiety and anger).
The formulation of these assumptions rested on the central underlying notion that facets of the environment influence a student's cognitions and emotions. However, it is important to state that we did not assume the effects of proximal environments on a student's control and value beliefs and emotions to be unidirectional, but rather reciprocal (e.g., Pekrun, 2000; Pekrun et al., 2002b) . Accordingly, a students' emotional experience may also influence how he or she perceives the environment. Moreover, students' emotional experiences almost certainly cause them to shape and influence their environments in various ways.
Methodological considerations
A range of approaches can be adopted in investigating the relationships between perceptions of the classroom environment and student outcomes. The most common of these is to relate individual perceptions of the environment to individual outcomes. Of the studies presented above, this approach has been used by Pekrun (1992) , Jacob (1996) , and Goetz et al. (2006) and the studies summarized by Hembree (1988) . Data obtained using this approach provide useful information regarding the potential effects of classroom characteristics on psychosocial variables, assuming that these perceptions are an entirely individualized process and that the effects are only active at the individual level. A problem with this approach, however, is that it does not take into account the fact that students are grouped together in classes, thus violating the independence of observations requirement (Burstein, 1980) . Furthermore, no attempt is made to include ''shared'' views of the classroom environment in such analyses.
A second approach uses data from self-report classroom environment measures which are aggregated across the whole class by taking the arithmetic mean. These average class perceptions are then correlated with the classes' means of the anent outcome variables. Of the studies presented above, Helmke (1983) and Fraser and his colleagues (e.g., Fraser & Fisher, 1982) adopted this second approach. Within this approach, the deviation of each individual student's perception from the class mean is regarded as measurement error, based on the argumentation that personality factors such as trait anxiety may distort one's perception (e.g., Spielberger, 1972) . Consequently, the average score of all students within a class is assumed to represent a more reliable index of the actual class environment (see Haertel, Walberg, & Haertel, 1981) . Finding relationships between perceived classroom environment and potential outcomes at the class level does not, however, allow one to infer that the same relationship is also true at the individual level. Doing so would be a typical case of ecological fallacy (Robinson, 1950) . Still, findings at the collective level may convey useful information for teachers concerning the way in which average levels of enjoyment or boredom are affected by various aggregate perceptions of the classroom environment. This information could aid teachers in creating positively functioning classrooms.
Multilevel modelling is a statistical approach that elegantly integrates analyses at both the individual and the collective level by taking the nested structure of data (students being grouped together in classes) into account. Within this method, variance within classes and variance between classes are systematically disentangled, such that individual and aggregate predictors can be simultaneously accounted for. Standard errors are also more appropriately calculated than standard ordinary least square regressions with multilevel data and varying class sizes are taken into account (Keeves & Cheung, 1990; Raudenbush & Bryk, 2002) . Using a multilevel approach, it is possible to simultaneously estimate: (1) individual-level effects; (2) class-level effects; and (3) compositional effects. The latter occur when the aggregate perception (e.g., the class' mean perceived quality of instruction) or indexes of the class' composition (e.g., gender ratio) influence a student's emotional experience, while his or her individual perception of the teacher or individual characteristic is controlled for (Raudenbush & Bryk, 2002) . Such compositional effects have aroused considerable interest and debate within organizational sociology (e.g., Erbring & Young, 1979; Willms, 1986) . Insight from these discussions can be applied to educational settings (e.g., Van Damme & Opdendakker, 2004) . In the present context, compositional effects offer particularly interesting information resulting from the use of multilevel modelling and extending beyond the information which is gained from individual and aggregated correlational approaches.
A few recent studies have used this approach in analysing relationships between learning environments and student outcomes. For example, Urdan (2004) showed that aggregate perceptions of classroom mastery goal structures were significantly related to individual values, self-efficacy and end-of-semester grades in English, even when individual goal structures were controlled for (compositional effects). Similarly, Karabenick (2004) reported that student help seeking was negatively related to individual and aggregate class-level perceptions of classroom performance-avoidance goal structures. Nolen (2003) showed that average student perceptions of instruction in their science classes as being meritocratic (i.e., fast paced and concentrating on errors) were negatively related to individual science achievement and moreover, shared perceptions that classrooms focused on understanding and independent thinking was positively related to individual student satisfaction with learning. Turner et al. (2002) showed that aggregate student perceptions of mastery goal structures influenced individual self-handicapping and avoidance of help seeking. However, both Nolen (2003) and Turner et al. (2002) incorporated the classroom environment variables at the class level only, so that individual level and class-level effects cannot be disentangled in their studies. Currently, we know of no study addressing student emotions as outcomes of their perceptions of the classroom environment with the use of hierarchical linear modelling procedures.
Research questions and goals of the present study
In summary, only few studies have analysed perceived characteristics of the classroom environment and their relationship to student academic emotions. Furthermore, to date, researchers have generally used either an individual or an aggregated approach and evidence using multilevel approaches which are able to disentangle individual-and classlevel effects thus seems to be widely lacking. Empirical data and theoretical deliberation lead us to suggest that perceived classroom environment is related to students' emotional experiences. We chose to include the emotions of enjoyment, anxiety, anger, and boredom in mathematics due to the fact that these emotions rate among the most intensely and frequently experienced emotions within academic settings (e.g., Pekrun et al., 2002b) .
In order to identify ''net relationships'' of perceived classroom environment and student emotions, we strived to control for a number of individual and class variables constituting potentially important covariates of the perceptions of the classroom environment and of emotional experiences. Specifically, we incorporated mathematics achievement in terms of students' grades into our analyses. Mathematics achievement can be assumed to be related to both the perceptions of the classroom environment (e.g., Fraser, 1994; McRobbie & Fraser, 1993) and the emotions experienced in mathematics (e.g., Pekrun et al., 2002b) , and should therefore be integrated as a covariate. Secondly, we controlled for gender which has also been shown to be related to environment perceptions (e.g., Goh & Fraser, 1998) , as well as to mathematics emotions (Hyde, Fennema, Ryan, Frost, & Hopp, 1990; Frenzel, Pekrun, & Goetz, in press ). We chose to integrate these covariates both at the individual and at the classroom level. The integration of achievement at both levels is useful in accounting for potential ''Big-Fish-Little-Pond Effects'' on student affective outcomes. These have been shown for self-concept (e.g., Marsh, 1987) , test anxiety (Zeidner & Schleyer, 1998) , and mathematics anxiety and enjoyment (Goetz et al., 2004) . Furthermore, findings reported by Helmke (1983) and Dryler (1999) suggest that not only gender as an individual-level predictor, but also gender ratio as a classroom characteristic may be predictive of student outcomes including test anxiety and educational choices. Finally, we integrated grade level and academic demands (in terms of school type) as control variables at the class level.
In sum, the present study pursued two major aims:
(1) We strived to confirm that students' perceptions of the classroom environment were related to their emotional experiences in mathematics when controlling for individual and class-level covariates. Using multilevel regression analysis with perceptions of the environment as predictors and emotions as criteria, we formulated the following hypotheses. a. Perceived quality of instruction positively predicts enjoyment and negatively predicts anxiety, anger, and boredom. b. Perceived positive peer esteem positively predicts enjoyment and negatively predicts boredom. c. Perceived punishment on the part of the teacher positively predicts anxiety and anger. d. Perceived competition among classmates positively predicts both enjoyment and anxiety and anger.
(2) We set out to explore compositional effects. We speculated that not only the individual perception of a student's mathematics classroom environment but also class' aggregate perceptions of the environment could play a role in the prediction of his or her experiences of mathematics emotions.
Method

Participants and procedure
The sample consisted of 1623 students (47.6% female) from 69 regular co-ed classes across grades 5e10 from the German state of Bavaria. The average class size was 22. On average, classes had a male proportion of 53%. The gender ratio (number of boys by total number of students in class) was normally distributed across the classes. There was each one class with girls and boys only. Students were recruited from all three school types of the German state school system. In this system, the school type with the lowest academic demands is the ''Hauptschule'', which is predominantly vocationally oriented. The ''Realschule'' is the second school type and offers a curriculum of general education also laying the foundation for a future vocational career. The Realschule further provides opportunities for fulfilling prerequisites for passing over to a higher level of education and acquiring a certificate which subsequently opens the door to higher education. Third, there is the ''Gymnasium'' with the highest academic demands. Passing the final examination of the Gymnasium entitles students to study at university level. The sample was fairly representative of the Bavarian population of students between the ages of 10 and 16. Table 1 presents the number of students and classes in each grade level and school type.
Assessment took place shortly after mid-term by external, trained testing staff. Students were informed that the surveys were not to be considered as tests and that they would not be seen by their teacher or other school staff. Testing time for the entire questionnaire, which included a number of additional scales not presented in the current study, was approximately 70 min.
Measures
Classroom environment
We assessed students' individually perceived classroom environment using four self-developed scales. These scales were (1) perceived quality of mathematics instruction; (2) perceived peer esteem of mathematics; (3) perceived punishment on the part of the mathematics teacher; and (4) perceived competition in the mathematics class. Various sources were drawn upon for item formulation (Baumert, Gruehn, Heyn, Köller, & Schnabel, 1997; Eder, 1998; Fraser, 1990; Moos & Trickett, 1974; Pekrun, 1983; Von Saldern & Littig, 1987) , and adapted for domain-specific assessment. Item selection followed theoretical and empirical deliberation. Respondents were asked to express their degree of agreement or disagreement on a five-point Likert scale with response alternatives of strongly agree, mostly agree, partly agree, mostly disagree, and strongly disagree. All items and scales yielded satisfactory item-total correlations and alpha reliabilities. Table 2 shows sample items and reliabilities for all four scales at the individual level in terms of Cronbach's Alpha. Since the aggregated class scores of these scales were also integrated as predictors on the class level, reliabilities at the class level in terms of the intraclass correlations adjusted for the average class size of 22 in our study (ICC(2); see Bliese, 2000) are also displayed.
Academic emotions
Measurement of students' enjoyment, anxiety, anger, and boredom in relation to the subject of mathematics was carried out using the mathematics-related variant of the Academic Emotions Questionnaire (AEQ-M; Pekrun, Goetz, & Frenzel, 2005) . Respondents were once again asked to express their degree of agreement or disagreement on the five-point Likert Scale described above. The AEQ (English, German and Chinese versions) has been successfully implemented in both university and school settings, whereby reliability and validity of the instrument have been demonstrated (Pekrun, Goetz, & Perry, 2005; Pekrun et al., 2002b; Frenzel, Thrash, Pekrun, & Goetz, 2007) . The number of items for each scale ranges between six and nine. Table 3 presents sample items and reliabilities for each of the four emotion scales as obtained in the present sample.
Mathematics achievement
Students' mathematics achievement was recorded on the basis of their current mid-term grades in mathematics. This mid-term grade represents the teacher-based judgment of the students' oral and written performances in mathematics over the first half of the year. German grades range from 1 to 6, 1 being the top grade. For the present analyses, these grades were inverted such that higher values indicated higher achievement.
Data analysis procedures
Data preparation
At level 1, the individual student level, answers to the self-report items assessing classroom environment perceptions and emotions were z-standardized, and sum scales were calculated by taking the arithmetic mean. The selfreport sum scales were again z-standardized across the entire sample. We also z-standardized mathematics grade and the covariates gender, school type and grade level such that the regression weights of the hierarchical linear regressions were comparable and all expressed in the same metric. At level 2, mean class scores of classroom environment perceptions and emotions were calculated by taking the arithmetic mean for each class of students. The variable ''gender ratio'' was computed by dividing the number of boys in the class by the total number of its students. Zero-order correlations between perceptions of the mathematics classroom and emotions, both at the individual and at the class level, are provided in the Appendix. Zero-order correlations at the individual, within-class level are shown in the upper part of the Appendix. These values controlled for effects of class differences by subtracting students' scores from their respective class means. Correlations at the class level are shown in the lower part of Appendix. Since our sample was adequately large (both individuals and groups), we derived these correlations using Muthén's pseudo-balanced approach to the scaled between-group covariance matrix (see Hox, 2002, p. 228; and Muthén, 2004, p. 44ff ).
Multilevel modelling
In a preliminary analysis step to the multilevel modelling procedures, we examined classroom environment scales as dependent variables and calculated the proportions of within-and between-class variance (intraclass correlations) of these perceptions. This enabled us to determine the degree of class consensus concerning assessed aspects of classroom environment. Subsequently, three steps were taken in investigating the relationship between perceived classroom variables and students' academic emotions by applying hierarchical linear modelling procedures (HLM 5.04, Raudenbush, Bryk & Congdon, 2005) . In Step 1, the fully unconditional models, proportions of within-and between-class variance were calculated for enjoyment, anxiety, anger, and boredom (intraclass correlations). This is a crucial preliminary analysis which shows whether higher-order analyses are required: if the proportion of variance attributable to the classes is not significant, further analyses can be dispensed with. The fully unconditional model is then to be extended by successive introduction of covariates and predictors. In Step 2, mathematics achievement and gender were introduced at the individual level, and mean mathematics achievement, gender ratio, academic demands (school type), and grade level (5e10) were introduced at the class level. These analyses were required to ensure that differences between students and between classes were not mere effects of these covariates. Finally, in Step 3, environmental variables were introduced into the model. For each of these variables, individual scores were introduced on the individual level, and aggregate class scores at level 2 (limited, however, to the intercepts; slopes were considered as fixed). Consequently, the corresponding level-1 and level-2 equations were as follows: HLM thus calculates individual and class level effects simultaneously and disentangles within-class and betweenclass effects when predictors are centred around the class mean. In addition, when predictors are centred around the grand mean (i.e., with relation to the entire sample) we can test the significance of compositional effects (Raudenbush & Bryk, 2002) . 
Results
Preliminary analyses
Preliminary analyses of the intraclass correlations of classroom perceptions showed that students shared considerable amounts of variance in their judgments. Intraclass correlations amounted to 0.29 for perceived quality of instruction, 0.22 for perceived peer esteem of mathematics, 0.19 for perceived punishment on the part of the teacher, and 0.15 for perceived competition among peers. All between-class variances significantly differed from zero (p < 0.01).
Multilevel modelling 6.2.1. Steps 1e3: Intraclass correlations and explained variances
In Step 1 of the multilevel analyses, fully unconditional models were run with each of the four emotions as criterion variables. By means of these analyses, baseline estimates of within-class as well as between-class variances were obtained and intraclass correlations were calculated. The between-class variances significantly differed from zero for all four emotions (p < 0.01), implying that classes systematically varied in their levels of experienced emotions. The intraclass correlations for enjoyment, anxiety, anger and boredom were 0.13, 0.05, 0.08, and 0.08, respectively. From this it could be inferred that significant amounts of the students' emotional experience can be traced back to their class affiliation. Environmental variables which explain this proportion of shared experience should therefore be found.
Next, in
Step 2 (covariate models), potential individual and class-level covariates were introduced into the model, including mathematics achievement and gender at the individual level, and mean mathematics achievement, gender ratio, academic demands (school type), and grade level at the class level. In these models, variances in emotion scores among students within classes, as compared to variances obtained in the fully unconditional model, were reduced by 16%, 15%, 11%, and 6% for enjoyment, anxiety, anger, and boredom, respectively. At the class level, covariates carried more weight; between-class variances were reduced by 48% for enjoyment, 16% for anxiety, 32% for anger, and 37% for boredom. However, between-class variances remained significantly different from zero for each emotion (p < 0.01).
In
Step 3, classroom characteristics were additionally entered at the individual level as well as at the class level (aggregated class scores). Final proportions of explained within-class and between-class variances are displayed in the lower part of Table 4 . Within classes, 37%, 23%, 33%, and 28% of the variance between students could be explained for enjoyment, anxiety, anger, and boredom, respectively. At the class level, even more substantial proportions of between-class variances could be explained by the introduced variables: 96% for enjoyment, 61% for anxiety, 94% for anger, and 81% for boredom. The residual between-class variances no longer significantly differed from zero for enjoyment, anger, and boredom (p > 0.01). From these results it can be concluded that the classroom variables integrated in our study were excellent predictors of the classes' mean experienced emotions. Table 4 presents regression coefficients of the individual predictors and class-level predictors for each emotion. All predictors and criteria had been z-standardized on the individual level, thus all of them are measured in the same metric and regression weights are comparable on this level. For these analyses, individual predictors were centred around the group means (i.e., with reference to their class means) such that person-level and class-level effects could clearly be distinguished. In order to identify significant compositional effect, we conducted the same analyses with individual variables centred around their grand means (Raudenbush & Bryk, 2002) . In cases where these analyses revealed a class-level effect significantly differing from the person-level effect, coefficients have been marked with italic print in Table 4 . Turning first to the individual level, mathematics achievement and gender were significantly related to individually reported enjoyment, anxiety, and anger. The higher the mathematics achievement, the more enjoyment, but less anxiety and anger the students reported to experience. Given the scoring of the nominal variable of gender, the beta weight for gender implies that boys reported higher levels of enjoyment and lower levels of anxiety and anger. The covariates were not significantly related to individual boredom.
Effects of covariates on achievement emotions
Concerning the covariates at the class level, the classes' mean mathematics achievement was significantly related to their mean level of anxiety. Explicitly, the higher the average achievement, the lower the average anxiety across classes. The same effect had been seen to occur at the individual level, but to a much stronger degree. This difference between the individual-level effect and the class-level effect was significant (as confirmed by analysis based on predictors centred around the grand mean). Hence, there is a compositional effect of achievement on anxiety implying that the average achievement level of the class in fact had a significantly positive effect on the individual experience of anxiety (i.e., the higher the class' average achievement, the more anxious the individual student). The same applied to the relationship between achievement and enjoyment, as well as between achievement and anger. These relationships were not significant in the context of between-class effects alone. However, due to the large discrepancy between within-class and between-class effects, these constituted compositional effects, indicating that the average achievement level of the class had a significantly negative effect on the individual experience of enjoyment and a significantly positive effect on the individual experience of anxiety and anger. In summary, our data suggest that the higher a student's achievement in mathematics, the higher his or her enjoyment of the subject and the lower his or her anxiety and anger. Simultaneously, the higher the student's class average achievement in mathematics, the less he or she will enjoy, and the more anxious and angry he or she will feel in relation to this subject.
The covariate gender ratio also influenced the experience of anxiety and enjoyment across classes. However, the effect was reversed compared to the individual level. Classes with more boys reported on average less enjoyment and increased levels of anxiety. Compositional effects were thus evident: class gender ratio proved to have a significant effect on the individual experience of enjoyment (this decreases, when the proportion of boys in the class increases) and anxiety (which increases, when the proportion of boys in the class increases). It should be noted that gender ratio and achievement were unrelated at the class level (r ¼ À0.08, p ¼ 0.50) which implies that the effects of gender ratio and achievement at the class level were independent. Note: Predictor variables were all standardized and group mean centered. Gender was coded 0 ¼ female, 1 ¼ male; gender ratio represents the pro portion of boys in a class (number of boys by total student number). Coefficients printed in italic indicated compositional effects. *p < 0.05, **p < 0.01. a Residual between class variance no longer significantly differed from zero (p > 0.01).
Neither academic demands (school type) nor grade level were associated with the average levels of achievement emotions across classes.
Effects of perceptions of classroom environment on achievement emotions
With regard to the individual perceptions of classroom variables, there were strong relationships between the perceived quality of instruction in mathematics on one hand and individual emotional experience of enjoyment, anger, and boredom on the other hand (see Table 4 ). The higher the students judged their mathematics teacher's quality of instruction, the more they reported to experience enjoyment, and the less they reported to experience anger and boredom. High individually perceived quality of instruction was also related to slightly reduced individual levels of anxiety in mathematics. Very strong effects were also found for perceived peer esteem, which was positively related to individually reported enjoyment and negatively related to anxiety, anger, and boredom. Moreover, individually perceived punishment behaviour on the part of the teacher was not related to the individual experience of enjoyment, but was significantly positively related to the experience of anxiety, anger, and boredom. Finally, individually perceived competition was not only positively related to individually experienced anxiety and anger, but also to enjoyment and boredom.
At the class level, we found mean perceived quality of instruction to be slightly positively related to a class' overall enjoyment level. However, this effect was considerably smaller at the class level compared to the individual level e hence it was a compositional effect. It implies that the higher the class' average judgment of the mathematics teacher's quality of instruction, the lower the individual level of enjoyment of mathematics. Mean perception of quality of instruction was also negatively related to the classes' overall experience of anger.
Furthermore, we found strong effects for peer esteem also at the class level. Class mean perceived peer esteem was strongly positively related to enjoyment, but negatively related to anxiety, anger and boredom across classes. For enjoyment and anxiety, these class-level effects were significantly greater than the individual effects (compositional effects). A student of a class averagely perceiving mathematics to be valuable would thus experience greater enjoyment and less anxiety in the subject. Moreover, whereas boredom was positively related to the individual perception of the teacher as punitive, this relationship was negative at the class level. This yields a significant compositional effect, suggesting that a student of a class averagely judging their teacher to be punitive will be less bored. Finally, we found that the classes' mean anger and boredom levels were positively related to the mean perception of competition in the class.
Discussion
The main goal of the present study was an examination of the relationships between students' perception of their mathematics classroom environment and their experiences of enjoyment, anxiety, anger, and boredom in mathematics. We analysed these relationships using a multilevel approach which entailed the students' reported emotional experiences being simultaneously regressed on the individual-level and collective-level perceptions of the environment. Separate regression models were run for enjoyment, anxiety, anger, and boredom.
First of all, it should be noted that our results suggest that classes significantly differ in their mean levels of enjoyment, anxiety, anger, and boredom in mathematics. Average perceptions of the classroom environment could to a large extent explain these variations between classes in terms of their average emotional experiences. At the same time, we also conclude from our data that the relationships between perceived classroom environments and emotions predominantly function at the individual level. With within-class and between-class effects simultaneously accounted for, almost all predictors at the individual level significantly contributed to the explanation of variance in the reported emotions. In comparison, effects on the class level were lower and less frequently significant. A similar picture has been observed by Urdan (2004) when relating classroom goal structures to individual goals and other outcomes. Indeed, as Urdan argues, one reason for the greater power of individually perceived classroom environment may be that both independent and dependent variables are based on individual self-reports.
7.1. Relationships between perceived classroom climate and emotions at both the individual level and the class level Perceived quality of instruction and perceived peer esteem proved to be positively related to the experience of enjoyment and negatively related to anxiety, anger and boredom. This fully confirms our expectations since we had assumed that highly perceived quality of instruction implies both control over outcomes in mathematics and a high regard (value) of activities in that domain, which, in turn, influence the students' activity-and outcome-related emotions in the subject (Pekrun, 1992 (Pekrun, , 2000 . For perceived peer esteem in mathematics, whereby students judged what ''most of their classmates'' thought about the subject of mathematics'' (''.is cool'' e ''.is a waste of time'' as an inverted item, etc.), we had expected a relationship to the activity-related emotions of enjoyment and boredom. This was also clearly confirmed by our data. Additionally, however, perceived peer esteem also proved to be relatively strongly negatively related to anxiety and anger.
Furthermore, we had hypothesized that perceived failure-contingent punishment on the part of the teacher, conveying a high negative value of failure, would be positively linked to students' reported anxiety and anger. This was also confirmed in our analyses. In addition, perceived punishment proved to be slightly positively linked to boredom. Also in line with our predictions, we found that student perceptions of competitive goal structures e which we assume to induce a high negative value of failure but at the same time high positive value of success e were positively related to enjoyment, anxiety, and anger. Beyond our expectations, perceived competition was also slightly positively related to boredom.
Compositional effects
The second goal of the present study was the exploration of so-called compositional effects, which are present when an aggregated variable proves to impact the individual criterion even after this variable has been accounted for at the individual level (Raudenbush & Bryk, 2002) . Such compositional effects were found in the current study. Two concerned the covariates considered in our analyses, namely achievement and gender. Furthermore, the aggregate class perception of quality of instruction, teacher's punishment, and peer esteem also proved to play a significant role in the individual's experience of certain emotions.
In terms of the effect of achievement on emotional experience, we obtained a pattern of findings corresponding to the Big-Fish-Little-Pond Effect (Marsh, 1987) . Whereas higher mathematics achievement in terms of mid-term grades was related to higher enjoyment and lower anxiety and anger at the individual level, higher mean levels of average achievement in the class seem to decrease the students' enjoyment and increase their anxiety and anger. Consequently, due to the presence of different reference groups, two students with the same grade (assume for example, grade 3 on the German 6-point grading scale with 1 reflecting the top grade) but from different classes, will emotionally react in different ways to that grade. The student from a highly achieving class with an average grade of 2.5 will be angry at his grade and may even develop anxiety when faced with an upcoming test because he feels as though he is lagging behind his peers. The student from a weaker class with an average achievement level of 3.5 will be rather happy with his grade 3 and will not be anxious about future exams due to the fact that he performed better than most of his peers. Such positive effects of individual achievement, paired with negative effects of class level achievement have been repeatedly reported for academic self-concepts (Marsh, 1987) , but also for test anxiety in gifted students (Zeidner & Schleyer, 1998) , and enjoyment and anxiety in mathematics among regular students (Goetz et al., 2004) . The present study therefore replicates these findings for enjoyment and anxiety and extends them to incorporate the emotion of anger.
Furthermore, individual gender and gender ratio of the class proved to be differentially linked to the individual experience of enjoyment and anxiety in mathematics. On one hand, males reported to experience more enjoyment and less anxiety in mathematics than females, yet on the other hand, students in classes with a higher ratio of boys seemed to experience more anxiety and less enjoyment in mathematics. Thus, ''male-dominated'' classes appear to show more negative emotional patterns than classes with high numbers of girls. Above all, girls in male-dominated mathematics classes seem to be the most disadvantaged. Their negative emotional pattern in relation to the subject of mathematics (less enjoyment, more anxiety than boys) is even more enhanced if they find themselves in maledominated classes. Further research should aim to replicate and explain this effect.
It was thus conspicuous that there were more negative emotional patterns in classes with higher achievement levels and in classes with a higher proportion of boys. However, there was no systematic relationship between gender ratio and average achievement of the classes. Therefore, we concluded that the effects of gender ratio and achievement at the class level on the emotional experience can be assumed to be independent of each other.
We also found that perceived quality of instruction and emotional experiences were differentially linked at the individual and class level. Whereas individual perceptions of the teacher as being clear and structured is related to higher levels of enjoyment, a high average perceived level of quality of instruction in the class will decrease the student's enjoyment. It could be speculated that this can again be interpreted in terms of fish-pond effects. This would imply that high average perceived quality of instruction corresponds to higher achievement demands in the respective class and probably also to higher pacing (e.g., Barr & Dreeben, 1983) , which in turn seem to negatively influence the individual's experience of enjoyment of mathematics in that class.
Moreover, there was a compositional effect for the relationship between perceived teacher's punishment behaviour and boredom. At the individual level, this relationship was positive, thus, the more frequently a student perceives teacher punishment, the more boredom he or she will report. However, at the collective level, we find the reversed effect; the more frequently a class perceives teacher punishment on average, the less overall boredom they will experience. In this case, it may be that the aggregated score measures something other than the individual perception (see also Raudenbush & Bryk, 2002; or Willms, 1986 , for such an interpretation of compositional effects), that is to say, a high overall level of perceived punishment may represent the teacher's engagement and involvement in the class, which is associated with lower overall boredom levels. This explanation may help elucidate the data patterns found in the present study; it remains, however, a mere after-the-fact speculation, requiring empirical investigation.
Finally, we found consistent compositional effects of peer esteem on enjoyment and anxiety. It can be assumed that a student experiences more enjoyment in mathematics if he or she thinks that their peers appreciate the subject. In addition, this will be enhanced if the student is surrounded by classmates who indeed on average highly regard the subject. The reverse pattern occurred for anxiety; a student's perception of his or her classmates as appreciating the subject is accompanied by decreased anxiety, and this effect is enhanced if the student is surrounded by classmates who, on average, think the same way. Actual average class attitudes and not only individual perceptions of these therefore seem to be relevant in predicting a student's experience of enjoyment and anxiety in mathematics.
Limitations of the present study
It is important to note that even though the present study examined students' emotions as dependent variables and environmental variables as predictors, the cross-sectional nature of the data does not permit causeeeffect relationships to be inferred. Theoretically, we do assume reciprocal connections between aspects of the environment and students' emotional experiences. For example, not only do we presuppose that the perception of the environment influences students' emotions, but also that the way they feel towards mathematics will shape their perceptions of the environment. This may, for example, apply to the perception of the quality of instruction and peer esteem; the more positive a student's emotions towards the subject, the more 'generously' he will judge his teacher and classmates with regard to their behaviour and attitudes. In addition, a student's emotions may also lead him to behave in a certain way, which in turn shapes his environment accordingly. We assume that such mechanisms may underlie the relationship between boredom and punishment; the student who is bored will be inattentive and noisy, creating disciplinary problems in the classroom and causing the teacher to punish him. Furthermore, the relationship between perceived classroom environment and emotional experience was investigated in the mathematics classroom only and it will be of importance to examine these hypotheses in other subject domains. The current sample was also restricted to secondary education; different relationships may be found at the primary level. Finally, we are aware that compositional effects, as they were described in the present study (with predictors simultaneously introduced both at the individual and at the collective level), may constitute mere artefacts rather than truly interpretable data in the case that the effects on the individual and at the collective level are in the same direction (Lüdtke, Robitzsch, & Köller, 2002; Tymms, 2004) . This may apply to the reported effect of peer esteem on enjoyment and anxiety. Conducive to the emergence of such artificial compositional effects are low reliability and high intraclass correlations of the individual predictors (Lüdtke et al., 2002) . In view of the high reliabilities of all our predictors (Cronbach Alpha ! 0.70) at the individual level and the only moderate intraclass correlations (intraclass correlations 0.21) we do, however, consider these effects to be ''true'' as opposed to artificial effects.
Educational implications
Gathering together the findings of our study, we believe that the following recommendations could be inferred for the classroom. First, given the relatively close links between perceived quality of instruction and the emotional experiences in relation to mathematics, efforts to improve clarity and structuredness of instruction, and keeping track of levels of students' comprehension should help to build a positive emotional atmosphere in the classroom.
Second, we conjecture that teachers are able to influence and mould students' value beliefs in the subjects they teach. These value beliefs appear to be closely linked to students' emotional experiences. Teachers deliver both direct, verbal messages concerning academic values, as well as more indirect messages conveyed through their behaviour, and the learning assignments given to students. We believe that teachers can promote the development of values by shaping instructional material, assigned tasks, and classroom interaction (Krapp, 2005) , using authentic learning tasks and providing a classroom discourse that engages all students. In addition, by way of observational learning and emotional contagion (Hatfield, Cacioppo, & Rapson, 1994) , teachers' own enthusiasm in dealing with academic material is likely to facilitate students' absorption of values.
Moreover, students' perception of being punished after failure was positively related to their experience of negative emotions in our study. In view of the emotional well-being of students, our data thus lend support to the recommendation that achievement-contingent punishment be avoided. Incentives for desired learning-and class-related behaviours rather than punishment for negative outcomes should guide educators' attempts to shape student behaviour (see Weinstein, 1999 , for a similar view).
Finally, given the ambivalent finding in the current study that perceived competition among classmates was positively linked to both positive and negative emotions, our findings appear to support recommendations for a combination of cooperative and competitive goal structures in the classroom. This can, for example, be achieved through activities involving within-group cooperation paired with between-group competition (e.g., Slavin, 1994) . Such activities should enhance student perceptions of success as rewarding and enjoyable, but not failure as individually punishing and anxiety-or anger-provoking.
Summary and conclusion
Beyond the well-researched phenomenon of test anxiety, academic emotions have received relatively little attention within educational research. Findings of the present study showed that anxiety, anger, and boredom in relation to the subject of mathematics are differentially affected by facets of the classroom environment as perceived by students. We also showed that classes systematically differ from one another in their levels of experienced emotions, and that this variance can to a large extent be explained by class variables and mean perceptions of classroom environment characteristics. Our data also support the assumption that an individual's emotional experience is not only influenced by how he or she perceives the environment, but also by the composition of the class in terms of gender ratio and achievement level, and by the average perceptions of the student body in a classroom. This information is of particular value for educators, for whom the affective well-being of their students should be a desired educational goal in itself.
Appendix. Zero-order correlations between perceived classroom environment variables and achievement emotions: within-class individual level and between-class level 
